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(54) ELECTRIC POWER STEERING DEVICE 



(57) Provided Is an electric power steering appara- 
tus comprising a tiousing, a motor attached to this hous- 
ing and transmitting an auxiliary steering force to a ro- 
tary shaft through a motor shaft, a worm formed on or 
fitted on the rotary shaft and having a gear portion 
fomied of a metal or a resin, rolling bearings provided 
in the housing, disposed respectively in positions on 
both sides of the womi and rotatably supporting the ro- 
tary shaft, an output shaft transmitting a steering force 
for steering an axle and rotatably supported in a prede- 



termined position of the housing, and a worm wheel 
fonned on or fitted on the output shaft in a way that 
meshes with the worm and having a gear portion formed 
of the resin, wherein a pre-load mechanism for applying 
a pre-load acting towards the womn wheel is provided 
at a shaft end portion, distal from the motor, of the rotary 
shaft. The thus simply-constructed electric power steer- 
ing apparatus is capable of eliminating an existence of 
a backlash and reducing tooth-butting noises without 
any decline of a power transmitting perfonnance. 
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Description 

Technical Field 

[0001] The present Invention relates generally to an 5 
electric power steering apparatus including a wonm de- 
celeration mechanism, and more particularly to an elec- 
tric power steering apparatus contriving an improve- 
ment in noises caused by a baclclash. 

10 

Background Art 

[0002] Generally, a play (bacltlasli) is provided be- 
tween gears in order to obtain a smooth operation in 
gear meshing. is 
[0003] A worm wheei deceleration mechanism of the 
electric power steering apparatus also requires a proper 
backlash. Normally, an axis-to-axis distance between a 
gear housing shaft of a housing and an output shaft of 
a motor is set to the same as an axis-to-axis distance 20 
(a worm gear working radius plus a wheei gear working 
radius), and hence a backlash derived from a variety of 
working scatters in addition to the preset backlash. This 
caused-by-the-scatter backlash gives a driver an un- 
comfortable feeling due to tooth-butting noises when a 25 
vehicle travels on a rough road, resulting in a decline of 
value of a commercial product. 
[0004] A countermeasure therefor was that the tooth- 
butting noises are reduced by setting the backlash as 
small as possible while raising a gear accuracy, or by a so 
method, as disclosed in Japanese Patent Application 
Laid-open N0.II -43062, of absorbing vibrations in a 
way that provides an elastic body between a womn shaft 
and a bearing thereof, and so forth. 

[0005] Moreover, Japanese Patent Application Laid- 35 
Open N0.1 0-281 235 discloses a power transmission 
apparatus, wherein the worm shaft is supported through 
the bearing in a shaft hole taking an elliptic shape that 
is fonned in a womi shaft housing portion and is eccen- 
tric on the side of the worm wheel, and O-ring shaped 40 
elastic member is provided in a circular groove formed 
concentrically in an inner peripheral surface of the shaft 
hole, this elastic member biases the bearing (the worm 
shaft) towards the worm wheel, thereby eliminating the 
backlash. ^5 
[0006] Further, when assembling the wonn shaft and 
the womn wheel, there might occurs a dimensional en-or 
between the womn, the wonn shaft, a bearing portion 
supporting the worm shaft, the worm wheel and a steer- 
ing shaft for supporting the wonn wheel, etc.. It follows so 
thatthe backlash is caused at a comparatively large rate 
due to this dimensional error after being assembled. It 
was therefore required that the parts be assembled sep- 
arately according to the accuracy thereof. Further, if a 
higher output of an auxiliary steering force advances as 55 
seen over the recent years, this results in an increase 
in abrasions of teeth of the worm and of the worm wheel, 
and a drawback comes to appear, wherein the occur- 



rence of the backlash can not be avoided. 
[0007] A known method for preventing gear butting 
noises derived from these causes is a method of elimi- 
nating the backlash by applying a pre-load to the worm 
towards the worm wheei. For example, as disclosed in 
Japanese Patent Application Laid-Open Nos. 
2001 -322554 and 2001 -1 08025, there are known meth- 
ods of generating a pre-load force by causing a defor- 
mation of an elastic body provided between an outer ring 
of the bearing provided at a side end of the worm and a 
gear housing. 

[0008] Of the conventional electric power steering ap- 
paratuses disclosed in the former Publications, the ap- 
paratus disclosed In Japanese Patent Application Laid- 
Open No. 10-281235 has a drawback that the worm 
shaft housing portion is easy to abrade when the bearing 
moves and a problem that the wonn shaft is easy to 
cause an axis deviation with respect to the motor shaft 
when the womn shaft is biased by the elastic member, 
and so on. 

[0009] Generally, as far as there exists the backlash 
depending on a condition of a rough road, a difference 
between inputs from a motor vehicle and so on, a prob- 
lem is that the tooth-butting noises can not be complete- 
ly muffled, and there is a necessity of reducing thetooth- 
butting noises for every motor vehicle, 
[0010] in the conventional electric power steering ap- 
paratuses disclosed in the latter Publications, a problem 
is that the quantity of deformation of the elastic body is 
detemninedfrom an outside diameter of a rolling bearing 
that is determined based on an inside diameter of a 
housing and a load, the elastic body has no alternative 
but minutely defonns because of a restraint in terms of 
a space, besides a pre-load force for the worm largely 
changes due to a minute displacement of a wonn end 
that is caused by a scatter in working of the gear housing 
and by a deflection in meshing, and it is therefore difficult 
to ensure the pre-load force expected. 
[0011] If this pre-load force is too large, an operating 
force declines, which brings about deterioration in feel- 
ing when neutral of steering. Whereas if too small, the 
gear butting noises emit, and an essential purpose can 
not be attained. 

[0012] Thus, according to the prior art, even in a case 
where an axis-to-axis distance between the womn and 
the worm wheel changed due to the gear abrasion, etc. , 
the pre-load varies due to the minute displacement of 
the worm, and it was difficult to ensure the stable pre- 
load. 

[001 3] Moreover, the load and a rotational torque act- 
ing in radial directions are applied to the elastic body 
provided on the outer periphery of the bearing whenever 
steered, and hence, as disclosed in Japanese Patent 
Application Laid-Open No.2001 -270448, deterioration 
such as a fatigue, etc occurs in the elastic body accord- 
ing to a structure for making flexural the elastic body 
serving as a slide bearing, and a problem arises from 
this deterioration, wherein the quantity of backlash rises. 



IS 



20 



30 



35 



40 



45 



50 



2 



3 



EP1 452 419A1 



4 



and the pre-load force decreases from a permanent de- 
formation of the elastic body. 

[001 4] The load and the rotational torque acting in the 
radial directions have a great influence on the pre-load 
force given by the elastic body, with the result that the 
quantity of deformation of the elastic body augments. 
Therefore, if the axis-to-axis distance between the worm 
and the worm wheel Increases and if a meshing area 
between the gears decreases, there also arises a prob- 
lem that a strength of the gear declines this time. 
[0015] An object of the present invention lies in pro- 
viding a simply-structured electric power steering appa- 
ratus capable of improving the drawbacks to the exam- 
ples of the prior art described above, eliminating an ex- 
istence of the bacldash and reducing tooth-butting nois- 
es without any decline of a power transmitting perform- 
ance. 

Disclosure of the Invention 

[0016] To accomplish the above object, according to 
afirst invention of the present invention, an electric pow- 
er steering apparatus with a worm gear mechanism 
which comprises a housing, a motor attached to the 
housing and transmitting an auxiliary steering force to a 
rotary shaft through a motor shaft, a bearing provided 
in the housing and rotatably supporting the rotary shaft 
by use of a shaft support hole, a worni being integral 
with orfittedonthe rotary shaft and having a gearportion 
fomied of a metal oraresin, an output shaft transmitting 
a steering force for steering an axle and rotatably sup- 
ported in a predetemiined position of the housing, and 
a worm wheel being integral with or fitted on the output 
shaft in a way that meshes with the worm and having a 
gear portion composed of a resin, the worm gear mech- 
anism transmitting the auxiliary steering force of the mo- 
torto the output shaft, wherein the motor is installed with 
respecttothe output shaft in such a position that a length 
which is ttie sum of a working radius of the worm and a 
working radius of the worm wheel becomes an axis-to- 
axis distance between the output shaft and the motor 
shaft, and the bearing is installed with respect to the out- 
put shaft in such a position that an axis-to-axis distance 
between the shaft support hole and the output shaft be- 
comes slightly smallerthan an axis-to-axis distance be- 
tween the output shaft and the motor shaft. 
[0017] Further, it is preferable thatthe bearing be sup- 
ported on the rotary shaft through an elastic member, 
and the worm be slightly movable in an axial direction. 
[001 8] The apparatus being thus constructed, the ro- 
tary shaft is installed eccentrically towards the worm 
wheel from the axis of the motor, and therefore it follows 
thatthe worm shaft is pressed against the elastic mem- 
ber when assembled. This pressing force produces an 
elastic pre-load for pressing the worm against the worm 
wheel, whereby the womn meshes with the gear portion 
of the worm wheel with no backlash. Accordingly, the 
womn and the gearportion of theworm wheel mesh with 



each other by a proper frictional force, and the backlash 
is eliminated without any decline of a powertransmltting 
performance. 

[0019] Furthemiore, according to a second invention 

5 of the present invention, an electric power steering ap- 
paratus with a wonn gear mechanism which comprises 
a housing, a motor attached to the housing and trans- 
mitting an auxiliary steering force to a rotary shaft 
through a motor shaft, a worm formed on orfitted on the 

10 rotary shaft and having a gear portion composed of a 
metal or a resin, bearings provided in the housing, dis- 
posed respectively in positions on both sides of the 
worm and rotatably supporting the rotary shaft, an out- 
put shaft transmitting a steering force for steering an ax- 

?5 le and rotatably supported in a predetermined position 
of the housing, and a worm wheel formed on orfitted on 
the output shaft in a way that meshes with the worni and 
having a gear portion formed of a resin, the motor in- 
stalled in such a position that a length which is the sum 

20 of a working radius of the worm and a working radius of 
the worm wheel becomes an axis-to-axis distance be- 
tween the output shaft and the motor shaft, wherein 
elastic members are disposed on both sides, in the axial 
direction, of the motor-sided bearing adjacently thereto 

25 so that the rotary shaft may be slightly movable in the 
axial direction within a limit of elasticity of the elastic 
members, the bearing positioned away from the motor 
is a rolling bearing, an elastic portion for biasing the 
womi in the meshing direction is provided on the rotary 

30 shaft, an outer ring of the bearing is fixedly fitted in a 
cylindrical bearing holding member fixedly fitted in the 
housing, its inner ring loosely receives therein the rotat- 
ing shaft on which a cylindrical buffer member is fixedly 
fitted, and the elastic portion is constructed of a biasing 

35 member axially rotatably supporting the rotary shaft, 
and of an elastic body receives therein, the biasing 
member in a position eccentric in the meshing direction 
of the worm with respect to an axis of the bearing and 
fixed in the vicinity of the bearing holding member. 

40 [0020] The apparatus being thus constructed, the ro- 
tary shaft is set in the position eccentric in the meshing 
direction of the worm by use of the elastic portion. There- 
fore, the rotary shaft is pressed against the buffer mem- 
ber of the bearing when the worm is assembled, and an 

45 elastic pre-load for pressing the worm against the worm 
wheel is produced. Accordingly, the worm and the gear 
portion of the womn wheel mesh with each other by the 
proper frictional force, and the backlash is eliminated 
without any decline of the power transmitting perform- 
so ance. 

[0021] Particularly, a rate at which a volume of the 
elastic body occupies the elastic portion is taken large, 
whereby an initial eccentric quantity needed for gener- 
ating the pre-load can be taken large and a spring con- 
55 stant of the elastic body can be decreased. Therefore, 
even when a configuration of the worm might change 
due to a scatter in working accuracy and an abrasion of 
the gear, it is feasible to stably maintain a fixed pre-load 
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force and to effectively prevent the tooth-butting noises 
of the gears. 

[0022] Further, the rotary shaft is movable in the axial 
directions, and hence, when a force is applied to the ro- 
tary shaft, the rotary shaft moves in the axial directions s 
within the limit of the elasticity of the elastic member, 
whereby the worm and the gear portion of the worm 
wheel mesh with each other In the proper positions to 
absorb an impact, and the tooth-butting noises are thus 
reduced. io 
[0023] Moreover, the bearing receives a load and a 
rotational torque acting in the meshing direction of the 
worm, which are generated when driving (assisting) the 
apparatus, and thus controls a displacement of the 
wonn. Therefore, neither a large distortion nor load oc- is 
curs in the elastic body of the elastic portion, which leads 
to an improvement of a lifetime of the elastic body. 
[0024] Still further, just when the rotary shaft abuts on 
the shaft support hole of the bearing, a displacement in 
a meshing opposite direction can not be made, and 20 
therefore a gear meshing area does not excessively de- 
crease, thereby making it possible to prevent a decline 
of strength of the gear. 

[0025] Furthermore, according to a third invention of 
the present invention, an electric power steering appa- 25 
ratus comprises a housing, a motor attached to the 
housing and transmitting an auxiliary steering force to a 
rotary shaft through a motor shaft, a worm formed on or 
fitted on the rotary shaft and having a gear portion 
formed of a metal or a resin, rolling bearings provided 30 
in the housing, disposed respectively in positions on 
both sides of the worm and rotatabiy supporting the ro- 
tary shaft, an output shaft transmitting a steering force 
for steering an axle and rotatabiy supported in a prede- 
termined position of the housing, and a worm wheel 35 
formed on or fitted on the output shaft in a way that 
meshes with the worm and having a gear portion formed 
of the resin , wherein a pre-load applying mechanism for 
applying a pre-load acting towards the worm wheel Is 
provided at the shaft side end portion, distal from the 40 
motor, of the rotary shaft. 

[0026] Accordingtotheconstruction of thethird inven- 
tion, the pre-load applying mechanism sets the rotary 
shaft In the position eccentric In the meshing direction 
of the worm, so that the worm and the gear portion of 45 
the worm wheel mesh with each other by the proper fric- 
tlonal force, and the backlash is eliminated without any 
decline of the power transmitting performance. 

Brief Description of the Drawings so 

[0027] 

FIG. 1 is a sectional view of an electric power steer- 
ing apparatus, showing a first embodiment of a first ss 
invention of the present invention; 
FIG. 2A is a partial enlarged view of a portion A in 
FIG. 1; FIG. 2B is asectional view of a portion of an 



ek. ■ member in FIG. 1 ; FIG. 2C shows a section 
ta. -.long the line G-C in FIG. 28; 
FiC IS a sectional view of an electric power steer- 
ing apparatus, showing a second embodiment of 
the first invention of the present invention; 
FIG. 4 is a partial enlarged view showing a bearing 
portion in FIG. 3; 

FIG. 5 is a sectional view of an electric power steer- 
ing apparatus, showing a third embodiment of the 
first invention of the present invention; 
FIG. B is a sectional view of an electric powersteer- 
ing apparatus, showing a fourth embodiment of the 
first invention of the present invention; 
FIG. 7 is a sectional view showing a modified ex- 
ample of a spline connecting portion in the electric 
power steering apparatus in FIG. 6; 
FIG. 8 is a sectional view showing a first modified 
example of the elastic member in the electric power 
steering apparatus in FIG. 6; 
FIG. 9 is a sectional view showing a second modi- 
fied example of the elastic member in the electric 
power steering apparatus in FIG. 6; 
FIG. 1 0A is a sectional view showing a third modi- 
fied example of the elastic member in the electric 
power steering apparatus in FIG. 6; FIG. 108 is a 
sectional view taken along the line A-Ain FIG. IDA; 
FIG. 11 is a sectional view of an electric power 
steering apparatus, showing a fifth embodiment of 
the first invention of the present invention; 
FIG. 1 2 is a partial side view of a male spline portion 
of a motor shaft; 

FIG. 13A is a sectional view of an electric power 
steering apparatus, showing a first embodiment of 
a second invention of the present invention; FIG. 
1 SB is a sectional view taken along the line A-A in 
FIG. 13A; 

FIG. 14A is a partial sectional view of an electric 
power steering apparatus, showing a second em- 
bodiment of the second invention of the present in- 
vention; FIG. 148 is an enlarged view of a principal 
portion in FIG. 14A; 

FIG. 15A is a partial sectional view of the electric 
power steering apparatus, showing a third embod- 
iment of the second Invention of the present inven- 
tion; FIG. 158 is a sectional view taken along the 
line B-Bin FIG. 15A; 

FIG. 16A is a partial sectional view of an electric 
power steering apparatus, showing a fourth embod- 
iment of the second invention of the present inven- 
tion; FIG. 16B is a sectional view taken along the 
lineC-Cin FIG. 16A; 

FIG. 17A is a partial sectional view of an electric 
power steering apparatus, showing a fifth embodi- 
ment of the second invention of the present inven- 
tion; FIG. 1 78 is a sectional view taken along the 
line E-E in FIG. 17A; and 

FIG. 18A is a partial sectional view of an electric 
power steering apparatus, showing a sixth embod- 
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iment of the second invention of tiie present inven- 
tion; FIG. 18B is a sectional view tai<en along the 
line D-D in FIG. 18A. 

The Embodiments of the Invention 5 

[0028] An embodiment of a first invention of the 
present invention will hereinafter be described with ref- 
erence to the drawings. 

[0029] FIG. 1 is a sectional view of a configuration of 
an electric power steering apparatus, showing the first 
embodiment of the first invention of the present inven- 
tion. FIG. 2A is a partial enlarged view of a portion A in 
FIG. 1 . FIG. 2B is a sectional view showing a portion of 
an elastic member In FIG. 1. 
[0030] In an electric power steering apparatus 100 in 
FIG. 1 , an electric motor 1 0, ball bearings 3a, 3b for ro- 
tatabiy supporting a worm shaft 2, an output shaft 5 of 
a worm wheel 4, etc., are disposed or fixed in predeter- 
mined positions in a housing 1 . 
[0031] The worm shaft 2 is constructed of a worm 2a 
formed substantially on a central portion thereof, bear- 
ing support portions 2b formed on both sides of this 
wonn 2a, a serrated portion 2c formed at one end por- 
tion (at a right end portion in the Figure) of the worm 
shaft 2, and so forth. On the other hand, a serrated hole 
10b is formed inside a motor shaft 10a of the electric 
motor 1 0. The serrated portion 2c of the worm shaft 2 Is 
loosely fitted in the sen'ated hole 1 0b, whereby thewomi 
shaft 2 is joined to the motor shaft 1 0a in a way that is 
movable in the axial directions but unmovable In a rota- 
tional direction. 

[0032] As illustrated in FIG. 1 and 2A, the bearing sup- 
port portions 2b, 2b are fitted in inner peripheral surfaces 
of the ball bearings 3a, 3b. An annular groove 26 is 
formed in an axially central portion of each bearing sup- 
port portion 2b, and an annular elastic member 6 is fitted 
with no clearance on this annular groove 2e. 
[0033] A diameter of an outer peripheral surface of the 
elastic member 6 is set slightly larger than an outside 
diameter r of the bearing support portion 2b. This annu- 
lar elastic member 6 includes a rubber bush 6a as its 
body of which an inside-diametrical portion takes a bel- 
lows-like shape and is fitted on a bottom peripheral sur- 
face of the annular groove 2e, and a ring-like material 
(for example. Teflon (registered trademark) material) 6b 
that has a small coefficient of friction and is welded to 
an outerperiphery of the rubberbush 6a in orderto allow 
the worm shaft 2 to move in the axial directions. 
[0034] The worm wheel 4 is fixedly fitted on the output 
shaft 5 extending in a direction orthogonal to the axial 
direction of the worm shaft 2 and is, the output shaft 5 
being rotatably supported in a predetermined position 
of the housing 1 in a state of the worm wheel 4 meshing 
with the worm 2a, thus disposed. A gear portion 4a of 
the worm wheel 4 is formed of a resin. 
[0035] As illustrated in FIG. 1 , in the meshing between 
the wonn 2a and the worm wheel 4, let S1 (a + b = SI ) 



be a distance which is the sum of a working radius a of 
the wonn 2a and a working radius b of the worm wheel 
4, and the output shaft 5 and the electric motor 1 0 are 
disposed in the housing 1 so that an axis-to-axis dis- 
tance between the motor shaft 1 0a of the electric motor 
1 0 and the output shaft 5 of the worm wheel 4 becomes 
SI . On the other hand, the bearing 3a on a distal side 
from the electric motor 10 is disposed in the housing 1 
in such a position that an axis-to-axis distance S2 be- 
tween a shaft support hole 3c of the bearing 3a and the 
output shaft 5 becomes slightly smallerthan the axis-to- 
axis distance SI between the output shaft 5 and the mo- 
torshaft 10a. In the present embodiment, these distanc- 
es S1 , S2 are set such as SI = 47.5 mm ad S2 = 47.2 
mm, and a difference AS between the axis-to-axis dis- 
tance S1 and the axis-to-axis distance S2 is given by 
(Si - S2 = AS). An optimal value of this difference AS is 
0.1 mm through 0.5 mm. 

[0036] In this connection, as shown in FIG. 2, the out- 
side diameter r of each of the bearing support portions 
2b rotatably supported on the ball bearings 3a, 3b of the 
worm shaft 2, is set to a dimension given by (a shaft 
support hole 3c inside diameter R - 2 • AS). Along with 
this, a thickness of the elastic member 6 is set to a value 
enough to permit loose fitting therein of the bearing sup- 
port portion 2b of the worm shaft 2. 
[0037] In this construction, the axis of the shaft sup- 
port hole 3c of each of the ball bearings 3a, 3b is set, 
as described above, eccentric by AS towards the worm 
wheel 4. Therefore, when incorporated, the womn 2a 
and the gear portion 4a of the worm wheel 4 mesh with 
each otherwithoutany backlash, however, with reaction 
thereof, it follows that the worm shaft 2 (the bearing sup- 
port portion 2b) is pressed against the annular elastic 
member 6. This pressing force produces an elastic pre- 
load for pressing the worm 2a against the worm wheel 
4, while the worm 2a is kept in a so-called floating state. 
[0038] This pre-load force generates a friction to 
some extent when the worm 2a meshes with the worm 
wheel 4, however, the thickness and a rigidity of the an- 
nular elastic member 6 are set so that a resistance force 
thereof does not become excessively large enough to 
cause a hindrance to a gear performance or to such a 
degree that a deviation in meshing does not occur due 
to an input of vibrations applied from tires. The rigidity 
of the elastic member 6 can be set depending on hard- 
ness and a configuration of the rubber without any re- 
striction. 

[0039] Further, the worm shaft 2 is movable in the ax- 
ial directions, and hence the worm 2a and the gear por- 
tion 4a of the worm wheel 4 can be meshed with each 
other in their proper positions. 

[0040] Thus, the inside diameter of the shaft support 
hole 3c of each of the ball bearings 3a, 3b is set eccen- 
tric, the diameter of the worm shaft 2 (the bearing sup- 
port portion 2b) is set comparatively small, and the an- 
nular elastic members 6b, are provided between the 
wonn shaft 2 and the bearings 3a, 3b, which all cooper- 



15 



20 



25 



30 



5 



EP1 452 419 A1 



10 



ate to enable a pre-load mechanism to be easily struc- 
tured and the backlash to be eliminated. 
[0041] According to the first embodiment of the first 
invention, both of eccentric quantities of the inside di- 
ameters of the shaft support holes 3c of the bearings 
3a, 3b are set likewise to AS, however, the eccentric 
quantity of the bearing 3b on the proximal side to the 
motor 1 0 can be set smaller than the eccentric quantity 
AS of the bearing 3b. Namely, the distance between the 
axis of the bearing 3a on the distal side from the motor 
and the axis of the output shaft 5, can be set larger than 
the distance between the axis of the bearing 3b on the 
proximal side to the motor and the axis of the output 
shaft 5. It is desirable that a difference AS' between the 
eccentric quantities be a value of 0 through AS/2. This 
construction is more desirable In temis of preventing the 
axis deviation between the motor shaft 10a and the 
worni shaft 2 by reducing the rotational resistance of the 
worm shaft 2. 

[0042] Next, a second embodiment of the first inven- 
tion of the present Invention will be described in con- 
junction with the drawings. 

[0043] FIG. 3 is a sectional view of a construction of 
the electric power steering apparatus, showing the sec- 
ond embodiment of the first invention of the present in- 
vention. FIG. 4 is an enlarged view showing a bearing 
portion in FIG. 3. 

[0044] Throughout the following discussion, the com- 
ponents having the similar structures as those in the first 
embodiment of the first invention will be explained by 
use of the same numerals or symbols. 
[0045] In the electric power steering apparatus 100 in 
FIG. 3, the electric motor 1 0, the ball bearings 3a, 3b for 
rotatably supporting the worm shaft 2, the output shaft 
5 of the worni wheel 4, etc., are disposed or fixed in pre- 
determined positions in the housing 1. 
[0046] The worm shaft 2 is constructed of the worm 
2a formed substantially on the central portion thereof, 
the bearing support portions 2b formed on both sides of 
this worm 2a, the serrated portion 2c formed at one end 
portion (at a right end portion in the Figure) of the womi 
shaft 2, and so forth. On the other hand, the sen-ated 
hole 10b is formed insidethemotorshaft 10a of the elec- 
tric motor 1 0. The serrated portion 2c of the wonri shaft 
2 is loosely fitted in the serrated hole 1 0b, whereby the 
worm shaft 2 is joined to the motor shaft 1 0a in a way 
that is movable in the axial directions but unmovable in 
the rotational direction. 

[0047] As shown also in FIG. 4, annular elastic mem- 
bers 60 each having a predetemiined thickness and pre- 
detemnined elasticity are respectively fitted with no gap 
in the inner peripheral surfaces of the shaft support 
holes 3c of the ball bearings 3a, 3b. The annular elastic 
member 60 is constructed of a collar portion 60a and a 
cylindrical portion 50b, wherein the cylindrical portion 
60b is fitted in the shaft support hole 3c, and the bearing 
support portion 2b of the worm shaft 2 is loosely fitted 
in the cylindrical portion 60b. Accordingly, the worm 



shaft 2 is rotatably supported by the ball bearings 3a, 
3b through the elastic members 60 in these bearing sup- 
port portions 2b. 

[0048] Elastic member support members 7 are fixedly 
5 fitted on the worm shaft 2, wherein these members 7 
are disposed adjacentto the pair of bearing support por- 
tions 2b respectively on the side of the worm 2a. These 
elastic member support members 7 have a function of 
holding the collar portions 60a of the elastic members 
10 60, respectively between the bearings 3a, 3b and the 
support members 7 and allowing displacements, in the 
axial directions (in the right-and-left directions in the Fig- 
ure), of the worm shaft 2 within a limit of the elasticity of 
the elastic members 60. 
15 [0049] The wonn wheel 4 is fixedly fitted onto the out- 
put shaft 5 extending in the direction orthogonal to the 
axial direction of the worm shaft 2 and is, the output shaft 
5 being rotatably supported in the predetemriined posi- 
tion of the housing 1 in the state of the worm wheel 4 
20 meshing with the wonn 2a, thus disposed. The gear por- 
tion 4a of the worm wheel 4 is fonned of a resin. 
[0050] As illustrated in FIG. 3, in the meshing between 
the worm 2a and the wonn wheel 4, let S1 (a + b = 81 ) 
be a distance which is the sum of the working radius a 
25 of the womi 2a and the working radius b of the worm 
wheel 4, and the output shaft 5 and the electric motor 
1 0 are disposed in the housing 1 so that the axis-to-axis 
distance between the motor shaft 1 0a of the electric mo- 
tor 10 and the output shaft 5 of the worm wheel 4 be- 
30 comes SI . On the other hand, the bearings 3a, 3b are 
disposed in the housing 1 in such positions that the axis- 
to-axis distance S2 between the shaft support hole 3c 
thereof and the output shaft 5 becomes slightly smaller 
than the axis-to-axis distance S1 between the output 
35 shaft 5 and the motor shaft 1 0a. The difference AS be- 
tween the axis-to-axis distance S1 and the axis-to-axis 
distance S2 is given by (SI - S2 = AS). This difference 
AS is set to an optimal value of 0.1 mm through 0.5 mm. 
[0051] In this connection, as shown in FIG. 4, the out- 
40 side diameter r of each of the bearing support portions 
2b rotatably supported on the ball bearings 3a, 3b of the 
worm shaft 2, is set to a dimension given by (a shaft 
support hole 3c inside diameter R - 2 • AS). Along with 
this, a thickness of the elastic member 60 is set to a 
45 value to the extent that the bearing support portion 2b 
of the womi shaft 2 is loosely fitted therein. 
[0052] In this construction, the axis of the shaft sup- 
port hole 3c of each of the ball bearings 3a, 3b is set, 
as described above, eccentric by AS towards the worm 
50 wheel 4. Hence, when incorporated, the worm 2a and 
the gear portion 4a of the worm wheel 4 mesh with each 
other without any backlash, however, with the reaction 
thereof, it follows that the worm shaft 2 (the bearing sup- 
port portion 2b) Is pressed against a cylindrical portion 
55 60b of the annular elastic member 60, This pressing 
force produces an elastic pre-load for pressing the worm 
2a against the worm wheel 4, and therefore the worm 
2a is kept in the so-called floating state. 
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[0053] This pre-load force generates the friction to 
some extent when the worm 2a meshes with the worm 
wheel 4, however, the thicl<ness and a rigidily of the 
elastic member 60 are set so that the resistance force 
thereof does not become excessively large enough to 
cause the hindrance to the gear performance orto such 
a degree that the deviation in meshing does not occur 
due to the input of vibrations applied from tires. The ri- 
gidity of the elastic member 60 can be set depending on 
the hardness and the configuration of the rubberwithout 
any restriction. 

[0054] Further, the wonn shaft 2 is movable in the ax- 
ial directions within the limit of the elasticity of the collar 
portion 60a of the elastic member 80, and hence the 
worm 2a and the gear portion 4a of the worm wheel 4 

can be meshed with each other in their proper positions. 
[0055] Thus, the inside diameter of the shaft support 
hole 3c of each of the ball bearings 3a, 3b is set eccen- 
tric, the diameter of the wonn shaft 2 (the bearing sup- 
port portion 2b) is set comparatively small, and the elas- 
tic member 60 is provided between the worm shaft 2 and 
the bearings 3a, 3b, which all cooperate to enable a pre- 
load mechanism to be easily structured and the bacl<- 
lash to be eliminated. 

[0056] Next, a third embodiment of the first invention 
of the present invention will be described. 
[0057] FIG. 5 Is a sectional view of the electric power 
steering apparatus, showing the third embodiment of 
the first Invention of the present invention. The third em- 
bodiment of the first invention has the same construction 
as the second embodiment of the first invention has, ex- 
cept for points that will hereinafter be explained. There- 
fore, the similar components as those In the second em- 
bodiment of the first invention are illustrated In a way 
that marks them with the same numerals or symbols, 
and their repetitive explanations are omitted. 
[0058] In the second embodiment of the first invention 
discussed above, both of the eccentric quantities of the 
inside diameters of the shaft support holes 3c of the 
bearings 3a, 3b are set lil<ewiseto AS, however, accord- 
ing to the third embodiment of the first Invention, the ec- 
centric quantity of the bearing 3b on the proximal side 
to the motor 1 0 can be set smaller than the eccentric 
quantity AS of the bearing 3b. IMamely, in the third em- 
bodiment of the first invention illustrated in FIG. 5, a dis- 
tance S3 between the axis of the bearing 3a on the distal 
side from the motor and the axis of the output shaft 5, 
is set larger than a distance S4 between the axis of the 
bearing 3b on the proximal side to the motor and the 
axis of the output shaft 5. It is desirable that a difference 
AS' (S3 - S4 = AS') between S3 and S4 be a value of 0 
through AS/2. This construction is more desirable in 
terms of preventing the axis deviation between the mo- 
tor shaft 10a and the worm shaft 2 by reducing the ro- 
tational resistance of the worm shaft 2. 
[0059] Next, afourth embodiment of the first invention 
of the present invention will be discussed with reference 
to the drawings. 



[0060] FIG. 6 is a sectional view of the electric power 
steering apparatus, showing the fourth embodiment of 
the first invention of the present invention. FIG.- 7 is a 
sectional view showing a modified example of a spline 

5 connecting portion in the electric power steering appa- 
ratus in FIG. 6. FIG. 8 is a sectional view showing a first 
modified example of the elastic member in the electric 
power steering apparatus in FIG. 6. FIG. 9 is a sectional 
view showing a second modified example of the elastic 

*o member in the electric power steering apparatus in FIG. 
6. FIG. 1 0A is a sectional view showing a third modified 
example of the elastic member in the electric power 
steering apparatus in FIG. 6. FIG. 1 0B is a sectional 
view tal<en along the line A-A in FIG. 10A. 

15 [0061 ] In the electric power steering apparatus 1 00 in 
FIG. 6, the electric motor 1 0, the ball bearings 3a, 3b for 
rotatably supporting the worm shaft 2 defined as a rotary 
shaft, the output shaft 5 of the wonn wheel 4, etc., are 
disposed or fixed in predetermined positions in the 

20 housing 1 . 

[0062] The worm shaft 2 is constructed of the worm 
2a formed substantially on the central portion thereof, 
and the bearing support portions 2b formed on both 
sides of this worm 2a. A connecting member 18 taking 

25 a cylindrical shape is fixedly fitted on the bearing support 
portion 2b (on the right side in the Figure) on the side of 
the bearing 3b proximal to the electric motor 10. A fe- 
male spline portion 1 8a is fomned substantially in a half, 
in the axial direction, of an inner peripheral surface of 

30 the connecting member 1 8. The connecting member 1 8 
is fitted in the shaft support hole 3c (an inner peripheral 
surface of an inner ring) of the bearing 3b so that this 
connecting member 18 is movable in the axial direc- 
tions. 

35 [0063] On the other hand, a male spline poriiion 1 0b 
is provided on a front end portion of the motor shaft 1 0a 
of the electric motor 10. This male spline portion 10b is 
loosely fitted in the female spline portion 1 8a of the con- 
necting member 1 8, whereby the worm shaft 2 is spline- 

40 connected to the motor shaft 1 0a in a state of being mov- 
able in the axial directions but unmovable In the rota- 
tional direction. This spline connecting portion is set so 
that substantially a half of this connecting portion is po- 
sitioned within the shaft support hole 3c of the bearing 

45 3b. The spline connecting portion is set so that at least 
the half thereof in the axial direction, in other words, the 
half or more of the spline connecting portion in the axial 
direction is positioned within the shaft support hole 3c 
of the bearing 3b. 

50 [0064] A pari; of an elastic member 16 taking substan- 
tially the cylindrical shape is fixedly fitted in a shaft sup- 
port hole 3d of the bearing 3a on the distal side from the 
electric motor 1 0. This elastic member 1 6 is constructed 
of a fitting portion 16a, a large diametrical portion 16b, 

55 of which an outside diameter is larger than a diameter 
of the shaft support hole 3d, formed adjacent to the fit- 
ting portion 16a, and a shaft support; portion 16c formed 
in continuation from the large diametrical portion 16a 
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and having an inside diameter substantiaily equai to an 
outside diameter of the bearing support portion 2b. A 
fastening ring 11 for fixedly fitting the shaft support por- 
tion 1 6c on the bearing support portion 2b of the worm 
shaft 2, Is fitted on an outer peripheral portion of the 
shaft support portion 16c, 

[0065] This axial support portion 1 6c has a function of 
elasticaiiy holding the bearing support portion 2b of the 
womn shaft 2 substantially in an intermediate position 
within the inside diameter of the fitting portion 16a. The 
large diametrical portion 1 6b has afunction of facilitating 
the axial movements of the worm shaft 2 by a contriv- 
ance that the shaft support portion 16c extends and 
shrinks in the axial directions when moving together with 
the bearing support portion 2b in the axial directions. 
[0066] An inside diameter Ri (see also FIG. 8) of the 
f itting portion 1 6a of the elastic member 1 6 is set slightly 
larger than the outside diameter r of the bearing support 
portion 2b rotatably supported by the bearing 3a. The 
outside diameter r of the bearing support portion 2b Is 
set to a dimension given by (a fitting portion 1 6a inside 
diameter R1 - 2 • AS). This is a value of such a degree 
that the bearing support portion 2b of the worm shaft 2 
Is loosely fitted In the fitting portion 1 6a. 
[0067] On the other hand, elastic members 1 7 each 
assuming substantially a ring-shape are disposed on 
both sides of the bearing 3b proximal to the electric mo- 
tor 1 0 in the axial direction adjacently to the bearing 3b. 
These two elastic members 17 are so disposed that 
each is held by two pieces of ring-shaped holding mem- 
bers 17a and 17b (see also FIG. 7). The holding mem- 
bers 1 7a positioned away from the bearing 3b are each 
fixedly fitted on the connecting member 18. The holding 
members 17b positioned on the side of the bearing 3b 
are fixed to the bearing 3b and provided along the con- 
necting member 1 8a in a non-contact manner. The elas- 
tic member 1 7 elasticaiiy extends and shrinks in the ax- 
ial directions as the connecting member 1 8 moves in the 
axial directions, thereby allowing the worm shaft 2 to 
move in the axial directions within the limit of the elas- 
ticity thereof. 

[0068] The worm wheel 4 is fixedly fitted on the output 
shaft 5 extending in the direction orthogonal to the axial 
direction of the worm shaft 2. The output shaft 5 is so 
disposed as to be rotatably supported in the predeter- 
mined position of the housing 1 in the state of the worm 
wheel 4 meshing with the wonn 2a. The gear portion 4a 
of the worm wheel 4 is fonned of a resin. 
[0069] As illustrated in FIG. 6, in the meshing between 
the worm 2a and the wonn wheel 4, let S1 (a + b = S1) 
be a distance which is the sum of the working radius a 
of the worm 2a and the working radius b of the womn 
wheel 4, and the output shaft 5 and the electric motor 
1 0 are disposed in the housing 1 so that the axis-to-axis 
distance between the motor shaft 1 0a of the electric mo- 
tor 1 0 and the output shaft 5 of the womn wheel 4 be- 
comes SI. On the other hand, the bearing 3a on the 
distal side from the electric motor 1 0 is disposed in the 



housing 1 in such a position that the axis-to-axis dis- 
tance 82 between the shaft support hole 3d of the bear- 
ing 3a and the output shaft 5 becomes slightly smaller 
than the axis-to-axls distance 81 between the output 
s shaft5andthemotorshaft10a. In this embodiment, the 
distances SI , S2 are set such as 81 = 47.5 mm, and 82 
= 47.2 mm. It is effective that the difference AS (81 - 82 
. = A 8) between the axis-to-axis distance SI and the ax- 
is-to-axis distance 82 be set to an optimal value in a 
?o range of 0.1 mm through 0.5 mm. 

[0070] In the construction described above, the axis 
of the shaft support hole 3d of the bearing 3a is set, as 
described above, eccentric by AS towards the worm 
wheel 4. Hence, when incorporated, the worm 2a and 
15 the gear portion 4a of the worm wheel 4 mesh with each 
other without any backlash, however, with the reaction 
thereof, itfollows thatthe worm shaft2 (the bearing sup- 
port portion 2b) is pressed against the elastic member 
6. This pressing force produces an elastic pre-load for 
20 pressing the worni 2a against the wonn wheel 4. Thus, 
the worm 2a is kept In the so-called floating state. 
[0071] This pre-load force generates the friction to 
some extent when the worm 2a meshes with the worm 
wheel 4, however, the thickness and the rigidity of the 
25 elastic member 16 are set so that the resistance force 
thereof does not become excessively large enough to 
cause the hindrance to the gear performance or to such 
a degree that the deviation in meshing does not occur 
due to the input of vibrations applied from tires. The ri- 
30 gidity of this elastic member 1 6 can be set depending 
on the hardness and the configuration of the rubberwith- 
out any restriction. 

[0072] Further, the wonn shaft 2 is movable in the ax- 
ial directions, and hence, when a force is applied from 
35 the tire, the worm shaft 2 moves in the axial directions 
within the limit of the elasticity of the elastic member 7, 
whereby the worm 2a and the gear portion 4a of the 
worm wheel 4 mesh with each other in proper positions 
to make it possible to absorb an impact. 
40 [0073] incidentally, the worm shaft 2 is movable in di- 
rections of meshing between the worm 2a and the worm 
wheel 4 at a portion of the bearing 3a on the distal side 
from the electric motor 1 0. Therefore, the worm shaft 2 
has a possibility of causing a hindrance to the axial 
45 movements of the worm shaft 2 due to an axis deviation 
occurred in the spline connecting portion, wherein the 
bearing 3b on the proximal side to the electric motor 1 0 
serves as a fulcrum. 

[0074] According to the fourth embodiment of the first 
50 invention, however, substantially the half. In the axial di- 
rection, of the spline connecting portion between the 
wonn shaft 2 and the motor shaft 1 0a is so set as to be 
positioned within the shaft support hole 3c of the bearing 
3b. Hence, even when the worm shaft 2 slightly moves 
55 In the meshing direction of the worm 2a, with the bearing 
3b serving as the fulcrum, a displacement of the worm 
shaft 2 is allowed owing to a slight play of the spline 
connecting portion, and the worm shaft 2 can move in 
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the axial directions without wresting the spline connect- 
ing portion. 

[0075] Thus, the inside diameter of the shaft support 
hole 3c of the ball bearing 3a is set eccentric, the diam- 
eter of the worm shaft 2 (the bearing support portion 2b) s 
is set comparatively small, and the elastic members 1 6, 
1 7 are provided between the worm shaft 2 and the bear- 
ings 3a, 3b, which all cooperate to enable a pre-load 
mechanism to be easily structured, the baclclash to be 
completely eliminated, the impact to be absorbed and 
the tooth-butting noises (rattle noises) to be restrained. 
[0076] Note that the fourth embodiment of the first in- 
vention has involves using the connecting member 18 
for the spline connecting portion. The invention is not, 
however, limited to this construction and may tal<e such 
a construction that, as shown in FIG. 7, a bearing sup- 
port portion 2b' on the side of the bearing 3b is molded 
to have substantially the same diameter as the outside 
diameter of the connecting member 18, a connecting 
hole 2f including a female spline portion 2e for the motor 
shaft 10a, and a male spline portion lOd of the motor 
shaft 10a is inserted into this connecting hole 2f, thus 
attaining a spline connection. In this case also, the hold- 
ing members 1 7a, 17b are attached to the bearing sup- 
port member 2b' with the same configuration as in the 
embodiment of the connecting member 1 8 described 
above. Referring to FIG. 7, the same members as those 
of the apparatus in FIG. 6 are marl<ed with the same 
numerals or symbols. 

[0077] Next, modified examples of theelastic member 
1 6 will be described referring to FIGS. 8 to 1 0B Inclusive. 
[0078] FIG. 8 shows a first modified example of the 
elastic member 1 6. Referring to FIG. 8, the same mem- 
bers as those In the embodiment in FIG. 6 are marked 
with the same numerals or symbols, and the repetitive 
explanations thereof are omitted. A cylindrical elastic 
member 160 is constructed of a fitting portion 160a 
(which is the same as that of the elastic member 16) 
serving as a portion that loosely fits therein the bearing 
support portion 2b and is fixedly fitted in the shaft sup- 
port hole 3c of the bearing 3a, a shaft support portion 
160b adjacent to the fitting portion 160a, having sub- 
stantially the same inside diameter as the outside diam- 
eter of the bearing support portion 2b and receiving 
therein the bearing support portion 2b with no gap ther- 
ebetween, and a truncated conic portion 160c for inte- 
grally connecting the fitting portion 160a and the shaft 
support portion 1 60b. Namely, the elastic member 1 60 
has a configuration that an axial length of the shaft sup- 
port portion 1 6c is extended instead of a configuration, 
the large diametrical portion 16b is removed from the 
elastic member 1 6 described above, and no fastening 
ring 11 is provided. 

[0079] A relationship between the inside diameter R1 
of the fitting portion 1 60a of the cylindrical elastic mem- 
ber 160 and the outside diameter r of the bearing sup- 
port portion 2b is the same as in the embodiment in FIG. 
6, and hence its repetitive explanation is omitted. 



[0080] In this construction, the shaft support portion 
1 60b has a function of elastically holding the bearing 
support portion 2b substantially in an intennediate po- 
sition within the inside diameter of the fitting portion 
160a. It Is required that an Inside diameter of the axial 
support portion 1 60b be set to such a dimension as to 
mal<e an inner ring of the bearing 3a rotatable as the 
shaft support portion 1 60b rotates with rotations of the 
bearing support portion 2b and as to mal<e the bearing 
support portion 2b smoothly slldable when the bearing 
support portion 2b moves in the axial directions, it can 
be expected that this elastic member 160 exhibits the 
same effects as the elastic member 1 6 does. 
[0081] FIG. 9 shows a second modified example of 
the elastic member 16. Referring to FIG. 9, the same 
members as those in the embodiment in FIG. 6 are 
marked with the same numerals or symbols, and the re- 
petitive explanations thereof are omitted. A cylindrical 
elastic member 161 is constructed of an shaft support 
portion 1 61 a having substantially the same inside diam- 
eter as the outside diameter of the bearing support por- 
tion 2b and fitting therein the bearing support portion 2b 
with no gap, and a protruded portion 161b fomned as a 
large diametrical portion having a small wall thickness 
formed integrally with an intermediate portion, in the ax- 
ial direction, of the shaft support portion 1 61 a, the pro- 
truded portion 1 61 b being fixedly fitted in the shaft sup- 
port hole 3c of the bearing 3a. It is required that an inside 
diameter of the shaft support portion 161a be set to a 
dimension that makes the bearing support portion 2b 
smoothly slldable when the bearing support portion 2b 
moves In the axial directions. A ring-shaped stopper 1 9 
Is fixedly fitted on a left end portion, as viewed in the 
Figure, of the bearing support portion 2b. 
[0082] In this construction, the shaft support portion 
1 61 a permits the bearing support portion 2b to move in 
the axial direction (away or towards from the motor 1 0) 
but the stopper 1 9 restricts. When the bearing support 
portion 2b moves in the meshing direction of the worm 
2a, the protmded portion 161b Is compressed in a di- 
rection that presses the inner peripheral surface of the 
shaft support hole 3c, thereby elastically allowing the 
movement. 

[0083] Next, a third modified example of the elastic 
member 16 is shown in FIG. 10A. Referring to FIG. 10A, 
the same members as those in the embodiment in FIG. 
6 are marked with the same numerals or symbols, and 
their repetitive explanations are omitted. A cylindrical 
elastic member 1 62 is fixedly fitted in the holding mem- 
ber 1 623, and the holding member 1 62a is fixedly fitted 
in the shaft support hole 3d of the bearing 3a. An inside 
diameter of the elastic member 162 is substantially 
equal to the outside diameter of the bearing support por- 
tion 2b, and is set to a dimension that makes the bearing 
support portion 2b smoothly slldable when the bearing 
support member 2b moves In the axial directions. 
[0084] A multiplicity of grooves 1 62b are, as illustrated 
in FIG. 1 0B, formed along an axial direction on an inner 
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peripheral surface of the elastic member 1 62, whereby 
the elastic member 1 62 is easy to be compressed from 
inside its inner peripheral surface. When the bearing 
support portion 2b moves in the meshing direction of the 
worni 2a, the bearing support portion 2b presses the in- 
ner peripheral surface (fonned with the multiplicity of 
grooves 1 62b) of the elastic member 162 and thus com- 
presses the elastic member 1 62 in this direction, thereby 
elastically allowing the movement. 
[0085] The ring-shaped stopper 1 9 is fixedly fitted on 
the left end portion, as viewed in the Figure, of the bear- 
ing support portion 2b. The elastic member 1 62 permits 
the bearing support portion 2b to move in the axial di- 
rection (away from or towards the motor 1 0) but the stop- 
per 1 9 restricts the movement in the axial direction. 
[0086] As discussed above, according to the fourth 
embodiment of the first invention of the present inven- 
tion, the motor-sided bearing has the elastic members 
disposed on both sides in the axial direction adjacently 
thereto, whereby the worm is slightly movable in the ax- 
ial direction. Besides, the bearing on the distal side from 
the motor supports the rotary shaft (the wonri shaft) 
through the elastic member, and this rotary shaft Is 
slightly movable in the meshing direction of the wonn. 
Therefore, with the simple construction, the backlash 
can be completely eliminated. Further, when the force 
is applied to the rotary shaft, the rotary shaft moves in 
the axial directions within the limit of the elasticity of the 
elastic member, with the result that the worm and the 
gear portion of the worm wheel mesh with each other in 
the proper positions to absorb the impact. It is therefore 
possible to reduce the tooth^butting noises without any 
decline of a transmission peri'ormance of an auxiliary 
steering force. 

[0087] Moreover, in the fourth embodiment of the first 
invention, at least the half, in the axial direction, of the 
spline connecting portion between the rotary shaft and 
the motor shaft is positioned within the shaft support 
hole of the bearing. Therefore, even when the rotary 
shaft slightly moves in the meshing direction of the 
wonri, as the motor-sided bearing serves as the fulcrum, 
the rotary shaft can move in the axial direction without 
wresting the spline connecting portion. 
[0088] Furthermore, the pre-load force of the worm 
can be adjusted depending on the material and the con- 
figuration of the elastic member, and hence dimensional 
accuracies are not excessively required of the rotary 
shaft and the bearing as well, thereby facilitating the di- 
mensional control. 

[0089] Next, a fifth embodiment of the first invention 
of the present invention will be explained in conjunction 
with FIGS. 11 and 12. FIG. 11 is a sectional view of the 
electric power steering apparatus, showing the fifth em- 
bodiment of the first invention. FIG. 12 is a partial side 
view of the male spline portion of the motor shaft. 
[0090] In the fifth embodiment of the first invention, 
the components having the same structures as those in 
the aforementioned embodiments of the first invention 



are shown with the same numerals or symbols. 
[0091] In the electric power steering apparatus 100 in 
FIG. 11 , the electric motor 10, the ball bearings 3a, 3b 
tor rotatably supporting the womi shaft 2 defined as the 
5 rotary shaft, the output shaft 5 of the worm wheel 4, etc. , 
are disposed or fixed in predetermined positions in the 
housing 1 . 

[0092] The worm shaft 2 is constructed of the worm 
2a formed on the central portion thereof, and the bearing 
10 support portions 2b, 2b' fonned on both sides of this 
worm 2a. A relationship between the bearing portion 2b' 
proximal to the electric motor 1 0 and the motor shaft 1 0a 
of the electric motor 10 is similar to what is shown in 
FIG. 7. Namely, the bearing portion 2b' is formed with 
15 the connecting hole 2f opened toward the motor side 
and having the female spline portion 2e. An end of the 
motor shaft 10a is formed with a male spline pori:ion 
10d'. The female spline portion 2e is spline-connected 
to the male spline portion 10d'. 
20 [0093] In the fifth embodiment of the first invention, 
the male spline portion 1 0d' of the motor shaft 1 0a takes, 
as illustrated in FIG. 1 2, a drum-like shape whose diam- 
eter Is small at both of Its ends with a narrow key width 
but is large at its central portion in the axial direction. 
25 The male spline portion 1 0d' is fitted Into the bearing 
portion 2b' of the wonn shaft at a central portion of the 
ball bearing 3b. A diameter of the female spline port:ion 
of the bearing portion 2b' remains unchanged in the ax- 
ial direction. 

30 [0094] In the fifth embodiment of the first invention, a 
structure between the ball bearing 3a on the distal side 
from the motor 1 0, the bearing support portion 2e of the 
worm shaft 2 and the cylindrical elastic member 1 60 in- 
terposed therebetween, is the same as what is shown 
35 in FIG. 8. 

[0095] In the fifth embodiment of the first invention, 
structures other than the above-mentioned are the 
same as those in the embodiments discussed above, 
and hence their repetitive explanations are omitted. 
40 [0096] In the fifth embodiment of the first invention, 
when the electric motor 10 generates an assist torque, 
the worm receives the force in such a direction as to get 
away from the wheel. At this time, the worm is tilted 
about the central portion, serving as a fulcrum, of the 
45 bearing on the proximal side to the motor, however, the 
spline portions do not interfere with each other, and nei- 
ther the operating force nor a feeling at steering neutral 
time is deteriorated. Further, in thecase where the worm 
moves in the axial direction, the intert'erence between 
50 the spline portions does not occur. 

[0097] Moreover, the end portion of the male spline 
portion 1 0d' of the motor shaft 1 0a is small of its diam- 
eter, and hence when the apparatus is assembled, the 
male spline portion lOd' is easy to fit into the male spline 
55 portion 2e, thereby improving the operability. 

[0098] Next, embodiments of a second invention of 
the present invention will be discussed with reference 
to the drawings. 
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[0099] FIG. 13A is a sectional view of the electric pow- 
er steering apparatus, sliowing afirst embodiment of the 
second invention of the present invention. FIG. 13B is 
a sectional view taken along the line A-A in FIG. 13A. 
FIG. 14A is a sectional view of the electric power steer- 
ing apparatus, showing a second embodiment of the 
second invention of the present invention. FIG. 14B is 
an enlarged view of a principal portion in FIG. 14A. FIG. 
15A is a sectional view of the electric power steering 
apparatus, showing a third embodiment of the second 
invention of the present invention. FIG. 15B is a section- 
al view taken along the line B-B in FIG. 15A. FIG. 16A 
is a sectional view of the electric power steering appa- 
ratus, showing a fourth embodiment of the second In- 
vention of the present invention. FIG. 16B is a sectional 
view taken along the line C-C in FIG. ieA. FIG. 17A is 
e sectional view of the electric power steering appara- 
tus, showing a fifth embodiment of the second invention 
of the present invention. FIG. 17B is a sectional view 
taken along the line E-E in FIG. 1 7A. FIG. 1 8A is a sec- 
tional view of the electric power steering apparatus, 
showing a sixth embodiment of the second invention of 
the present invention. FIG. 18B is a sectional view taken 
along the line D-D in FIG. 1 8A. 
[0100] In the electric power steering apparatus 100 in 
FIGS. ISA and 13B showing the first embodiment of the 
second invention of the present invention, an electric 
motor 101, ball bearings 103a, 103c for rotatably sup- 
porting a worm shaft 1 02 defined as a rotary shaft, an 
elastic portion i03b, an output shaft 105 of a worm 
wheel 104, etc., are disposed or fixed in predetermined 
positions in a housing 101 . 

[01 01 ] The worni shaft 1 02 Is constructed of a worm 
1 02a formed substantially on the central portion thereof, 
and bearing support portions 1 02b formed on both sides 
of the worm 1 02a. A cylindrical connecting member 1 08 
is fixedly fitted on the bearing support portion 1 02b (the 
right side in the Figure) on the side of the ball bearing 
1 03c proximal to the electric motor 1 1 0. A female spline 
portion 1 08a is formed substantially in a half, in the axial 
direction, of an inner peripheral surface of the connect- 
ing member 108. The connecting member 108 is fitted 
in a shaft support hole 1 03d (an inner peripheral surface 
of an inner ring) of the ball bearing 103c so that the con- 
necting member 108 is movable in the axial directions. 
[01 02] On the other hand, a male spline portion 1 1 0b 
is provided on an end portion of the motor shaft 1 1 0a of 
the electric motor 110. This male spline portion 110b is 
loosely fitted in the female spline portion 108a of the 
connecting member 1 08, whereby the worni shaft 1 02 
is spline-connected to the motor shaft 1 1 0a in a state of 
being movable in the axial directions but unmovable in 
the rotational direction. This spline connecting portion is 
set so that substantially a half of the connecting portion 
in the axial direction is positioned within the shaft sup- 
port hole 103d of the bearing 103c. The connecting 
member 108 may be formed integrally with the worm 
102a. 



[01 03] On the opposite side to the motor, the ball bear- 
ing 103a and an elastic portion 1 03b are disposed side 
by side in the axial direction. The bearing 103a has a 
function as a rolling bearing, and an outer ring thereof 

5 Is fixedly fitted in a bearing ring 114 defined as a cylin- 
drical bearing holding memberfixedly fitted in the hous- 
ing 1 01 . A cylindrical buffer member 1 06 fornied of a 
resin, etc., which is fixedly fitted on the bearing support 
portion 1 02b of the worni shaft 1 02, is loosely fitted in 

10 an inner ring of the bearing 1 03a. 

[0104] The elastic portion 1 03b is constructed of a bi- 
asing member 112 having an inside diameter substan- 
tially equal to an outside diameter of the bearing support 
portion 1 02b and being fonned of resin, and an elastic 

'5 body 113 fixedly fitting therein the biasing member 112 
and fitting rein, fixedly fitted in the bearing ring 114 and 
formed of a rubber, etc.. A position in which the elastic 
body 1 1 3 receives therein the biasing member 1 1 2 is far 
eccentric in the meshing direction of the worm 102a. 

20 When incorporating the worm shaft 102 into the ball 
bearing 1 03a and the elastic portion 1 03b, however, the 
worm shaft 1 02 becomes substantially concentric with 
the bearing 103a, and hence the elastic body 113 de- 
forms in a direction opposite to the meshing direction of 

25 the worm 102a, thereby producing a pre-load force in 
the meshing direction. 

[0105] An outside diameter of the buffer member 1 06 
is set slightly smallerthan an inside diameter of the inner 
ring of the bearing 1 03a. Let AS be a displacement 

30 quantity of the worm 1 02a in the meshing direction for 
eliminating the backlash, and an outside diameter of the 
buffer member 1 06 is set to a dimension given by (an 
inner ring inside diameter - 2 • AS). This is a value of 
such a degree that the buffer member 1 06 is loosely fit- 

35 ted into the inner ring. 

[0106] On the other hand, elastic members 1 07 each 
assuming substantially a ring-shape are disposed on 
both sides of the bearing 1 03c proximal to the electric 
motor 1 1 0 in the axial direction adjacently to the bearing 

40 1 03c. These two elastic members 1 07,1 07 are disposed 
in the form of each being held by two pieces of ring- 
shaped holding members 107a and 107b. The holding 
members 1 07a positioned away from the bearing 1 03c 
are each fixedly fitted on the connecting member 108. 

45 The holding members 107b abutting on the bearing 
103c are fixed to the bearing 103b and provided along 
the connecting member 108 in a non-contact manner. 
The elastic member 1 07 elastically extends and shrinks 
in the axial directions as the connecting member 108 

50 moves in the axial directions, thereby allowing the worm 
shaft 1 02 to move in the axial directions within the limit 
of the elasticity thereof. 

[0107] The womn wheel 104 is fixedly fitted on the out- 
put shaft 1 05 extending in the direction orthogonal to the 
55 axial direction of the worm shaft 1 02. The output shaft 
1 05 is so disposed as to be rotatably supported in a pre- 
detennined position of the housing 101 in a state of the 
worm wheel 104 meshing with the wonn 102a. A gear 
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portion 1 04a of the worm wheel 1 04 is formed of a resin. 
[0108] As illustrated in FIG. 13A, in the meshing be- 
tween the worm 102a andthe worm wheel 104, let S (a 
+ b = S) be a distance which is the sum of a worl<ing 
radius a of the worm 1 02a and a worl<ing radius b of the 
worm wheel 1 04, and the output shaft 1 05, the bearing 
103c and the electric motor 110 are disposed in the 
housing 101 so that an axis-to-axis distance between 
the motor shaft 1 1 0a of the electric motor 110 and the 
output shaft 1 05 of the worm wheel 1 04 and an axis-to- 
axis distance between the bearing 1 03c and the output 
shaft 1 05 become S. In this embodiment, the distance 
S is set such as S = 47.5 mm. It is effective that the 
displacement quantity AS of the worni 1 02a in the mesh- 
ing direction for eliminating the baci<lash be set to an 
optimal value In a range of 0.1 mm through 0.5 mm. 
[01 09] In the construction described above, a position 
In which the biasing member 112 is fitted in the elastic 
body 113 of the elastic portion 103b, is eccentric in the 
meshing direction of the worm 1 02a, and hence, when 
assembling the womi shaft 102 Into the bearing 103a, 
the elastic body 1 1 3 def oms to produce a pre-load force 
in the meshing direction of the worm 102a. Then, the 
worm 1 02a and the gear portion 1 04a of the worni wheel 
104 mesh with each other without the backlash. Thus, 
the worm 1 02a is l<ept in the so-called floating state. 
[0110] Particularly, a rate at which a volume of the 
elastic body 1 1 3 occupies the elastic portion 1 03b is tak- 
en large, whereby an initial eccentric quantity needed 
for generating the pre-load can be taken large and a 
spring constant of the elastic body 113 can be de- 
creased. Therefore, even when a configuration of the 
wonn 102a might change due to a scatter in working 
accuracy and an abrasion of the gear, it is feasible to 
stably maintain a fixed pre-load force and to effectively 
prevent the tooth-butting noises of the gears. 
[0111] This pre-load force generates the friction to 
some extent when the worni 102a meshes with the 
worm wheel 1 04, however, a thickness and a rigidity of 
the elastic body 113 are set so that a resistance force 
thereof does not become excessively large enough to 
cause a hindrance to a gear performance or to such a 
degree that a deviation in meshing does not occur due 
to an input of vibrations applied from tires. The rigidity 
of this elastic body 113 can be set depending on hard- 
ness and a configuration of the rubber without any re- 
striction. 

[0112] Further, the worm shaft 1 02 Is movable in the 
axial directions, and hence, when aforce is applied from 
the tire, the womi shaft 1 02 moves in the axial directions 
within a limit of elasticity of the elastic member 1 07, 
whereby the worm 1 02a and the gear portion 1 04a of 
the womn wheel 1 04 mesh with each other in proper po- 
sitions to make it possible to absorb an impact. 
[0113] In the portion of the ball bearing 103a, even in 
a case where a pressure is exerted on the buffer mem- 
ber 1 06 due to an abmpt displacement of the wonn 1 02a 
in the meshing direction thereof, the buffer member 1 06 



absorbs vibrations, thereby preventing an emission of 
noises of collision. Further, the buffer member 106 is 
formed of the resin and is therefore effective in reducing 
a friction caused when the worm shaft 1 02 moves in the 

5 axial directions. 

[0114] IVloreover, in the ball bearing 1 03a, the minute 
gap AS is provided between the inner ring and the buffer 
member 1 06 of the wonn shaft 1 02, and hence there is 
absorbed a change in the axis-to-axis distance between 

10 the wonn shaft 1 02 and the output shaft 1 05 due to the 
scatter in the working accuracy and to the meshing, 
whereby the stable operation can be ensured. 
[0115] Further, the ball bearing 1 03a receives a load 
and a rotational torque acting In the meshing direction 

15 of the womn 1 02a, which are generated when driving 
(when assisting) the apparatus, and controls the dis- 
placement of the worm 1 02a. Therefore, neither a large 
distortion nor load occurs in the elastic body 11 3 of the 
elastic portion 1 03b, thereby a durability of the elastic 

20 body 1 1 3 to be Improved. 

[01 1 6] Thus, the fitting position of the bearing support 
portion 1 02b Into the elastic body 1 1 3 of the elastic por- 
tion 103b Is set eccentric, the outside diameter of the 
buffer member 106 is set comparatively smaller than the 

25 inside diameter of the inner ring of the bearing 1 03a, 
and the elastic member 107 is provided between the 
worm shaft 1 02 and the bearing 1 03c, which all cooper- 
ate to enable a pre-load mechanism to be easily struc- 
tured, the backlash to be completely eliminated, the Im- 

30 pact to be absorbed and the tooth-butting noises (rattle 
noises) to be restrained. 

[0117] Next, a second embodiment of the second in- 
vention of the present invention will be explained refer- 
ring to FIGS. 14A and 14B. The second embodiment of 

35 the second invention is substantially the same as the 
first embodiment of the second invention discussed 
above, wherein the same members are marked with the 
same numerals or symbols, and their repetitive expla- 
nations are omitted. A different point is that the buffer 

40 member 1 06 is fixedly fitted in the inner ring of the first 
bearing 103a. The buffer member 106 is bonded to a 
cylinder 115 whose wall is thin, and the cylinder 115 is 
fixedly fitted In the inner ring. In this construction also, 
the same effects as the first embodiment of the second 

45 invention exhibits can be expected. Further, this buffer 
member 1 06 may also be fixed to the inner ring through 
no intermediary of the cylinder 1 1 5. 
[01 1 8] Subsequently, a third embodiment of the sec- 
ond invention of the present Invention will be described 

50 with reference to FIGS. 15A and 15B. The third embod- 
iment of the second invention is substantially the same 
as the first embodiment of the second invention dis- 
cussed above, wherein the same members are marked 
with the same numerals or symbols, and their repetitive 

55 descriptions are omitted. A different point Is that the rub- 
ber-made elastic body 1 1 3 of the elastic portion 1 03b is 
replaced with a resin-made elastic body 116, and, as 
illustrated in FIG. 15B, a plurality of holes 116a are 
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formed along a periphery of a biasing member 112. 
[01 19] I n this construction, the elastic body 1 1 6 func- 
tions as an elastic body capable of elastically defonning 
in the meshing direction of the worn 1 02a owing to the 
plurality of holes 1 1 6a. The third embodiment can be al- 
so expected to exhibit the same effects as those in the 
first embodiment of the second invention, and may re- 
quire a less number of parts, which contributes to reduce 
the costs. 

[0120] Next, a fourth embodiment of the second in- 
vention of the present invention will be discussed with 
reference to FIGS. 16A and 16B. The fourth embodi- 
ment of the second invention is substantially the same 
as the first embodiment of the second invention dis- 
cussed above, wherein the same members are marked 
with the same numerals or symbols, and their repetitive 
descriptions are omitted. A different point is that a tor- 
sion spring 117 is adopted as a substitute for the elastic 
body 113 of the elastic portion 103b. In this case, the 
elastic portion 1 03b is constructed of a biasing member 
1 1 2 for rotatably supporting the bearing support portion 
102b of the worm shaft 102, the torsion spring 117 
wound on an outer peripheral portion of the biasing 
member 112, and a latching member 118 that latches 
both side ends of the torsion spring 117 in order to sup- 
port the biasing member 112 in a position eccentric in 
the meshing direction of the womi 102a and is fixedly 
fitted in the bearing ring 114. As shown in FIG. 1 6B, the 
torsion spring 117 is open at its both side ends in an 
initial state but resiiiently closes when Incorporated into 
the latching member 1 1 8, and a biasing force generated 
at this time produces a pre-load force acting in the mesh- 
ing direction in the wonn 1 02a. In this construction also, 
the same effects as the first embodiment of the second 
Invention has can be expected. 
[0121] Next, a fifth embodiment of the second inven- 
tion of the present invention will be explained referring 
to FIGS. 17Aand 17B, The fifth embodiment of the sec- 
ond invention is substantially the same as the first em- 
bodiment of the second invention discussed above, 
wherein the same members are marked with the same 
numerals or symbols, and their repetitive descriptions 
are omitted. A different point is that the torsion spring 
117 is adopted as a substitute for the elastic body 113 
of the elastic portion 103b. In this case, the elastic por- 
tion 103b is constructed of the biasing member 112 ro- 
tatably supporting the bearing support portion 102b of 
the worm shaft 1 02, the torsion spring 1 1 7 wound on the 
outer peripheral portion of the biasing member 112, and 
the latching member 118 that latches both ends of the 
torsion spring 117 in order to support the biasing mem- 
ber 112 in a position eccentric in the meshing direction 
of the wonn 1 02a and is fixedly fitted in the bearing ring 
114. The biasing member 112 is fitted at the its center 
thereof on the worm shaft 102b and generates a pre- 
load with respectto the worm 102a by dint of arewinding 
force of the torsion spring 1 1 7 wound on along the outer 
periphery thereof concentrically with a hole thereof. A 



contact portion between the biasing member 112 and 
the torsion spring 1 1 7 is opposed to the wheel 1 04 and 
is well short for an inner periphery of the torsion spring 
1 1 7, the structure being such that the pre-load generat- 
5 edbythetorsion spring 117canbe efficiently transferred 
to the biasing member 112. Further, the latching mem- 
ber 118 is fixedly fitted in the housing 101 and fixed by 
the bearing ring 114. The latching member 118 may be 
formed either by press working or of a resin, etc.. 
10 [0122] As illustrated in FIG. 17B, the torsion spring 
117 has two pieces of hooks 1 1 7a provided at both ends 
and disposed respectively in positions that are shifted 
by 180° in phase with respectto a winding center of the 
torsion spring 117 in the initial state, wherein these 
15 hooks 117a are latched by projections of the latching 
member 118. Moreover, the torsion spring 117 is given 
atorsional torque beforehand. With this contrivance, the 
biasing member 112 is, before assembling the worm 
102a, held by the projections 118a of the latching mem- 
20 bers in positions slightly shifted with respect to the elas- 
tic portion, and the biasing member 1 1 2 is displaced by 
assembling the worm 1 02a with the result that the pre- 
load force is to be produced forthewomn 102a. There- 
fore, any processes specializing in adjusting and in giv- 
25 ing the pre-load are not required, and a built-in charac- 
teristic is improved. IVIoreover, the predetermined pre- 
load force can be ensured even by setting the spring 
constant comparatively low. In this construction also, the 
same effects as those in the first embodiment of the sec- 
30 ond invention can be expected. 

[0123] IVIoreover, a sixth embodiment of the second 
invention of the present invention will be explained with 
reference to FIGS. 1 8A and 1 BB. The sixth embodiment 
of the second invention is substantially the same as the 
35 first embodiment of the second invention discussed 
above, wherein the same members are marked with the 
same numerals or symbols, and their repetitive descrip- 
tions are omitted. A different point is that a spiral spring 
119 is adopted as a substitute for the elastic body 113 
40 of the elastic portion 1 03b. One end of the spiral spring 
1 1 9 is fixed to the outer peripheral portion of the biasing 
member 112 rotatably supporting the bearing support 
portion 102b of the worm shaft 102, and the other end 
thereof is fixed to the bearing ring 114. The biasing 
45 member 1 1 2 is eccentric in the meshing direction of the 
worm 1 02a with respect to the axis of the bearing ring 
114, and, when assembling the worm shaft 102 into the 
ball bearing 103a, the spiral spring 119 defonns to pro- 
duce the pre-load acting in the meshing direction in the 
50 worm 102a. In this construction also, same effects as 
those in the fii-st embodiment of the second invention 
can be expected. 

Industrial Applicability 

55 

[0124] As described above, according to the first in- 
vention of the present invention, the motor is installed 
with respect to the output shaft in such a position that 
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the length which is the sum of the wori<ing radius of the 
worm and the worlcing radius of the worm wheel be- 
comss the axis-to-axis distance between the output 
shaft and the motor shaft. The bearing is installed with 
respect to the output shaft in such a position that the s 
axis-to-axis distance between the shaft support hole 
and the output shaft becomes slightly smaller than the 
axis-to-axis distance between the output shaft and the 
motor shaft. The elastic member having the predeter- 
mined elasticity and thickness is Interposed between the to 
inner peripheral surface of the shaft support hole of the 
bearing and the rotary shaft. The outside diameter of the 
portion of the rotary shaft on which the elastic member 
is fitted, is set smaller than the Inside diameter of the 
shaft support hole to such a degree thatthe elastic mem- 15 
ber gives the proper biasing force towards the worm 
wheel of the worm. Therefore, with the simple construc- 
tion, the backlash can be eliminated, and the tooth-butt- 
ing noises can be reduced without any decline of the 
transmitting perfomiance of the auxiliary steering force. 20 
[0125] Further, the pre-load force can be adjusted 
based on the material andtheconfiguration of the elastic 
member, and hence the dimensional accuracies are not 
excessively required of the rotary shaft and the bearing 
as well, thereby facilitating the dimensional control. 2S 
[0126] IVIoreover, according to the second invention 
of the present invention, with respect to the motor-sided 
bearing, the elastic members are disposed on both 
sides in the axial direction thereof and adjacently there- 
to, and the worm is set slightly movable in the axial di- 30 
rections. Besides, the bearing on the distal side from the 
motor is the rolling bearing, and the elastic portion for 
biasing the worm in the meshing direction is provided 
on the rotary shaft. The outer ring of the bearing is fixedly 
fitted in the cylindrical bearing support member fixedly 35 
fitted in the housing, and the inner ring of this bearing 
loosely receives therein the cylindrical buffer member 
fixedly fitted on the rotary shaft. The elastic portion is 
constructed of the biasing memberf or rotatably support- 
ing the rotary shaft and of the elastic body receiving 40 
therein this biasing member In the position that is ec- 
centric in the meshing direction of the worm with respect 
to the axis of the bearing, this elastic body being fixed 
in the vicinity of the bearing support member. Therefore, 
the worm has the pre-load force produced In the mesh- 45 
ing direction thereof, and, with the simple construction, 
the backlash can be eliminated completely. 
[01 27] Particularly, the rate at which the volume of the 
elastic body occupies the elastic pori:ion Is taken large, 
whereby the initial eccentric quantity needed for gener- so 
ating the pre-load can be taken large and the spring con- 
stant of the elastic body can be decreased. Therefore, 
even when the configuration of the worm might change 
due to the scatter in working accuracy and the abrasion 
of the gear, it is feasible to stably maintain the fixed pre- ss 
load force and to effectively prevent the tooth-butting 
noises of the gears. 

[0128] Further, when the force is applied to the rotary 



shaft, the rotary shaft moves in theaxial directions within 
the limit of the elasticity of the elastic member, with the 
result that the worm and the gear portion of the worm 
wheel mesh with each other in the proper positions to 
absorb the impact. It is therefore possible to reduce the 
tooth-butting noises without any decline of the transmis- 
sion performance of the auxiliary steering force. 
[0129] IVIoreover, the bearing receives the load and 
the rotational torque acting in the meshing direction of 
the womi, which are generated when driving the appa- 
ratus, thus controlling the displacement of the wonn. 
Therefore, neither the large distortion nor load occurs in 
the elastic body of the elastic portion, which leads to an 
improvement of a lifetime of the elastic body. 
[0130] Furthermore, according to the third invention 
of the present Invention, the electric power steering ap- 
paratus includes the housing, the motor attached to this 
housing and transmitting the auxiliary steering force to 
the rotary shaft through the motor shaft, the worm 
formed on or fitted on this rotary shaft and having the 
gear portion formed of the metal or the resin, the rolling 
bearings provided In the housing, disposed respectively 
in the positions on both sides of the worm and rotatably 
supporting the rotary shaft, the output shaft transmitting 
the steering force for steering an axle and rotatably sup- 
ported in the predetemnined position of the housing, and 
the worm wheel formed on or fitted on the output shaft 
in a way that meshes with the worm and having the gear 
portion fomned of the resin, wherein the pre-load mech- 
anism for applying the pre-load acting towards the worm 
wheel is provided at the shaft side end portion, distal 
from the motor, of the rotary shaft. It is possible to pro- 
vide the thus simply-constructed electric power steering 
apparatus capable of eliminating an existence of the 
backlash and reducing the tooth-butting noises without 
any decline of the power transmitting performance. 



Claims 

1 . An electric power steering apparatus comprising: 
a housing; 

a motor attached to said housing and transmit- 
ting an auxiliary steering force to a rotary shaft 
through a motor shaft; 

a bearing provided in said housing and rotata- 
bly supporting said rotary shaft by a shaft sup- 
port hole; 

a worm rotating together with said rotary shaft 
and having a gear portion formed of a metal or 
a resin; 

an output shaft transmitting a steering force for 
steering an axle and rotatably supported in a 
predetermined position of said housing; 
a worm wheel rotating together with said output 
shaft in a way that meshes with said worm and 
having a gear portion formed of a resin; and 
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a worm gear mechanism transmitting tiie aux- 
iliary steering force of said motor to said output 
shaft, 

wherein said motor is Installed with respectto 
said output shaft In such a position that a length 
which is the sum of a working radius of said worm 
and a working radius of said worm wheel becomes 
an axis-to-axis distance between said output shaft 
and said motor shaft, and 

said bearing is installed with respect to said 
output shaft in such a position that an axIs-to-axIs 
distance between said shaft support hole and said 
output shaft becomes slightly smaller than an axis- 
to-axis distance between said output shaft and said 
motor shaft. 

2. An electric power steering apparatus according to 
claim 1 , wherein said bearing is supported ori said 
rotary shaft through an elastic member, and 

said worm is slightly movable In an axial di- 
rection. 

3. An electric power steering apparatus according to 
claim 1 , wherein a difference between an axis-to- 
axis distance between said motor shaft and said 
output shaft and an axis-to-axis distance between 
said shaft support hole and said output shaft, is set 
to 0.1 through 0.5 mm. 

4. An electric power steering apparatus according to 
any one of claims 1 through 3, wherein said bearing 
Is constructed of a first bearing positioned In prox- 
imity to said motor and a second bearing positioned 
away from said motor, and 

an axIs-to-axIs distance between said first 
bearing and said rotary shaft is larger than an axis- 
to-axis distance between said second bearing and 
said rotary shaft. 

5. An electric power steering apparatus according to 
claim 1 , wherein said bearing is constructed of afirst 
bearing positioned in proximity to said motor and a 
second bearing positioned away from said motor, 

elastic members are disposed on both sides, 
in the axial direction, of said first bearing adjacently 
to said first bearing, so that said rotary shaft is set 
slightly movable in the axial direction within a limit 
of elasticity of said elastic member, and 

said second bearing supports said rotary 
shaft through said elastic members, so that said ro- 
tary shaft is set slightly movable in a meshing direc- 
tion of said worm. 

6. An electric power steering apparatus according to 
claim 5, wherein at least a half, in the axial direction, 
of a spline connecting portion between said rotary 
shaft and said motor shaft is so set as to be posi- 



tioned within said shaft support hole of said motor- 
sided bearing. 

7. An electric power steering apparatus according to 
5 claim 5 or B, wherein said elastic member of said 

motor-sided bearing or said rotary shaft In the vicin- 
ity of bearing positioned away from said motor or 
both of said elastic member and said rotary shaft. 
Is or are provided with a stopper for controlling a 
10 quantity of movements of said rotary shaft in the ax- 
ial directions. 

8. An electric power steering apparatus according to 
claim 5 or 6, wherein said rotary shaft and said mo- 

15 tor shaft are spline-connected to each other, and 
said rotary shaft is so formed as to be sway- 
able about the spline connecting portion serving as 
a fulcrum. 

20 9. An electric power steering apparatus according to 
claim 8, wherein said motor shaft is formed with a 

male spline portion, 

said rotary shaft is formed with a female spline 
portion, 

25 said motor shaft and said rotary shaft are 

spline-connected to each other, and 

said male spline portion Is formed in a drum- 
like shape so that its diameter is small at both side 
ends thereof in the axial direction and is large at a 
30 central portion thereof. 

10. An electric power steering apparatus comprising: 

a housing; 

35 a motor attached to said housing and transmit- 

ting an auxiliary steering force to a rotary shaft 
through a motor shaft; 

a worm fomied on or fitted on said rotary shaft 
and having a gear portion formed of a metal or 
40 a resin; 

bearings provided in said housing, disposed re- 
spectively in positions on both sides of said 
worni and rotatably supporting said rotary; 
an output shaft transmitting a steering force for 
45 steering an axle and rotatably supported in a 

predetermined position of said housing; and 
a worm wheel formed on or fitted on said output 
shaft in a way that meshes with said wonri and 
having a gear portion formed of a resin, 

50 

said motor including a worm gear mechanism 
installed in such a position that a length which is the 
sum of a working radius of said worm and a working 
radius of said worm wheel becomes an axis-to-axis 
55 distance between said output shaft and said motor 
shaft, 

wherein elastic members are disposed on 
both sides. In the axial direction, of said motor-sided 
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bearing adjacently to said bearing, said rotary sfiaft 
being set sligtitly movable in tiie axial direction, 

said bearing positioned away from said motor 
is a rolling bearing, an elastic portion being provided 
on said rotary shaft and biasing said worm in the s 
mesliing direction in parallel with said rolling bear- 
ing, 

an outer ring of said bearing is fixedly fitted in 
a cylindrical bearing holding member fixedly fitted 
in said housing, an inner ring of said bearing loosely 10 
receiving therein a cylindrical buffer memberfixedly 
fitted on said rotary shaft, and 

said elastic portion is constructed of a biasing 
member rotatably supporting said rotary shaft, and 
of an elastic body receiving therein said biasing is 
member in a position eccentric in the meshing di- 
rection of said worm with respect to an axis of said 
bearing, and fixed in the vicinity of said bearing 
holding member. 



a worm wheel formed on orfitted on said output 
shaft in a way that meshes with said worm and 
having a gear portion composed of the resin, 



wherein a pre-load applying mechanism for 
applying a pre-load acting towards said worm wheel 
is provided at the shaft end portion, distal from said 
motor, of said rotary shaft. 



11. An electric power steering apparatus according to 
claim 10, wherein said buffer member is fixedly fit- 
ted on the side of said Inner ring of said rolling bear- 
ing, and loosely receives therein said rotary shaft. 

12. An electric power steering apparatus according to 
claim 10, wherein said biasing member and said 
elastic body are integrally fomied of a resin, and 

said biasing member has a plurality of holes 
fornied along a periphery thereof to exhibit elastic- 
ity. 

13. An electric power steering apparatus according to 
claim 1 0, wherein said elastic portion Is constructed 
of said biasing member, a torsion spring wound on 
along a periphery of said biasing member, and a 
latching member resiliently latching both side end 
portions of said torsion spring and supporting said 
biasing member in a position eccentric in the mesh- 
ing direction of said worm with respect to the axis 
of said rolling bearing. 

14. An electric power steering apparatus comprising: 



a housing; 

a motor attached to said housing and transmit- 
ting an auxiliary steering force to a rotary shaft 
through a motor shaft; 

a womn fonned on or fitted on said rotary shaft 
and having a gear portion formed of a metal or 
a resin; 

rolling bearings provided in said housing, dis- 
posed respectively in positions on both sides of 
said wonn and rotatably supporting said rotary 
shaft; 

an output shaft transmitting a steering force for 
steering an axle and rotatably supported in a 
predetennined position of said housing; and 
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